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Background: A strategy to increase the number of size- and weight-appropriate organs and decrease
the paediatric waiting list mortality is wider application of sectional orthotopic liver transplantation (OLT).
These technical variants consist of living donor, deceased donor reduced and split allografts. However,
these grafts have an increased risk of biliary complications. An unusual and complex biliary complication
which can lead to graft loss is inadvertent exclusion of a major segmental bile duct. We present four cases
and describe an algorithm to correct these complications.
Methods: A retrospective review of the paediatric orthotopic liver transplantation database (2000–2010)
at Washington University in St. Louis/St. Louis Children's Hospital was conducted.
Results: Sixty-eight patients (55%) received technical variant allografts. Four complications of excluded
segmental bile ducts were identified. Percutaneous cholangiography provided diagnostic confirmation
and stabilization with external biliary drainage. All patients required interval surgical revision of their
hepaticojejunostomy for definitive drainage. Indwelling biliary stents aided intra-operative localization of
the excluded ducts. All allografts were salvaged.
Discussion: Aggressive diagnosis, percutaneous decompression and interval revision hepaticojejunos-
tomy are the main tenets of management of an excluded bile duct. Careful revision hepaticojejunostomy
over a percutaneous biliary stent can result in restoration of biliary continuity and allograft survival.
Keywords
paediatric liver transplantation, biliary complications, excluded bile duct, technical variant allograft
Received 11 July 2011; accepted 18 August 2011
Correspondence
Christopher D. Anderson, Division of Transplant and Hepatobiliary Surgery, University of Mississippi
Medical Center, 2500 North State Street, Jackson, MS 39216, USA. Tel: +1 601 815 3135. Fax: +1 601 815
5660. E-mail: cdanderson@umc.edu
Introduction
Children less than 18 years old represent approximately 3% of
patients on the liver transplant waiting list in the United States.1 As
with adult liver transplantation, there is an inadequate supply of
deceased donor livers, leading to long waiting times and signifi-
cant rates of death on the waiting list. Infants <1 year of age have
the highest wait list mortality rate of any age group.1 This problem
is partly as a result of the lack of appropriate size- and weight-
matched deceased donor organs. Consequently, the field of pae-
diatric liver transplantation has been revolutionized by the use of
technical variant grafts. Technical variant grafts include reduced
deceased donor liver allografts, deceased donor split (in situ or ex
vivo) grafts and living donor liver transplant (LDLT) allografts.
These livers have a slightly reduced, but acceptable, 1-year graft
survival and overall 5-year survival rate compared with whole
allografts.2 This may in part be as a result of a higher incidence of
biliary complications, which occur in 9–40% of technical variant
grafts compared with an incidence of 7–17% in whole grafts.2–5
Contributing factors include the cut surface of technical variant
grafts and the presence of multiple, smaller caliber bile ducts.6
This manuscript was presented at the ‘Approach toManagement of Excluded
Bile Ducts in Pediatric Orthotopic Liver Transplantation’ AHPBA, Miami,
FL, March 2009.
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Such features increase the risk of missed biliary ductules on the
cut surface, anastomotic dehiscence and bile duct ischaemia.
These complications frequently present as bile leaks, bilomas,
abscesses or anastomotic strictures and present a challenge in both
diagnosis and management.
One complication which occurs infrequently, but is difficult to
both diagnose and remedy, is unintentional segmental or branch
bile duct exclusion. Anatomical variations in biliary drainage exist
in which a biliary branch does not communicate with its segmen-
tal bile duct, but drains into another segment. Consequently, when
an allograft is split or reduced, the branch is severed from its
drainage system and is in complete discontinuity with the main
biliary drainage tree for the allograft. Nagano et al.7 described a
similar complication in patients after hepatic resection. Here, we
present four cases of excluded bile ducts in paediatric liver
transplant recipients of technical variant allografts and a
novel approach to both diagnosis and management of this
complication.
Methods
Definition
An excluded segmental bile duct was defined as a segmental bile
duct discontinuous with the primary biliary drainage tree of the
technical variant allograft. An excluded duct was suspected in
patients with a persistent bile leak, direct hyperbilirubinemia or
with evidence of an isolated dilated bile duct system using com-
puted tomography (CT),magnetic resonance (MR) or ultrasound
(U/S) imaging. Bile leaks were defined as bilious contents in a
surgical drain or the presence of a fluid collection consistent with
a biloma on imaging. Diagnosis of an excluded bile duct was made
during percutaneous biliary drainage (PBD).
Patients
Transplantation with technical variant allografts comprised 55%
(n = 68) of the 124 orthotopic paediatric liver transplants per-
formed at Washington University School of Medicine/St. Louis
Children’s Hospital (SLCH) between 1 January 2000 and 1 July
2010. A retrospective database review, approved by the Human
Research Protection Office at Washington University School of
Medicine (HRPO #07–0844), revealed a biliary complication rate
of 26%. Four patients were identified as having an excluded seg-
mental bile duct.
Patient 1
A 6-month-old girl, status post Kasai portoenterostomy for biliary
atresia, underwent OLT using a segment 2/3 graft from an in situ
deceased donor split liver. No abdominal imaging of the donor
was obtained to delineate biliary anatomy pre-operatively or
during the donor liver recovery procedure. One bile duct was
identified as the biliary drainage source for the left lateral section
during the allograft procurement. A Roux-en-Y hepaticoje-
junostomy was performed; good bile production was noted
intra-operatively. One month post-transplantation, the patient
presented with hyperbilirubinemia (total bilirubin 2.7) and
elevated liver enzymes.Hepatic ultrasonography revealed a dilated
bile duct and subsequent percutaneous transhepatic cholangiog-
raphy (PTC) demonstrated complete obstruction of the segment
II bile duct system (Fig. 1).
Patient 2
A 5-month-old boy, status post Kasai portoenterostomy for biliary
atresia, received a left lateral section allograft from a living related
donor. During transplantation, a Roux-en-Y hepaticojejunostomy
was performed and a small biliary ductule on the cut surface was
ligated. Re-exploration for fevers and leukocytosis on post-
operative days 10 and 12 revealed a biloma and bilious staining on
the cut surface, but no identifiable leak. The area of bile staining
was oversewn, covered with an omental flap and drained. In spite
of drainage, liver transaminase levels remained elevated. Ultra-
sonography revealed segmental biliary dilatation and an adjacent
biloma. Of note, the donor’s post-operative course was also com-
plicated by a bile leak that was successfully treated with drainage
Figure 1 A percutaneous external biliary drain is placed in an obstructed bile duct (yellow arrow) in Patient 1 (a). This duct does not
communicate with the existing hepaticojejunostomy (seen with stent in place, red arrow). Post-revision cholangiogram demonstrates a
decompressed bile duct and patent anastomosis (b)
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alone. Ultimately, PTC in the recipient demonstrated an aberrant
duct draining a portion of segment II which likely originally
drained into a segment IV duct in the donor (Fig. 2). Pre-
operative magnetic resonance cholangiopancreatography
(MRCP) of the donor liver had failed to demonstrate this duct.
Patient 3
A 4 year-old girl with ornithine transcarbamylase (OTC) defi-
ciency received a segment II/III allograft from an in situ deceased
donor split liver. Two bile ducts were identified during procure-
ment and a Roux-en-Y hepaticojejunostomy was performed for
each. The patient developed fevers and leukocytosis post-
operatively and required percutaneous drainage of a right upper
quadrant biloma/abscess 3 weeks later. Persistent drainage
prompted PTC which showed an isolated, dilated bile duct drain-
ing 1/3 of the allograft which was not in communication with the
Roux jejunal limb. (Fig. 3)
Patient 4
A 9-year-old girl with recurrent cholangitis and biliary cirrhosis
status post Kasai portoenterostomy for Caroli disease underwent
orthotopic liver transplantation with a deceased donor left lobe
allograft. The deceased donor liver was reduced ex vivo via a right
hepatectomy and caudate resection. The common bile duct was
preserved and used for biliary-enteric reconstruction via a Roux-
en-Y jejunal limb. Identifiable bile leaks on the cut surface were
oversewn. Ten days after transplantation, the patient was readmit-
ted to the hospital with a biliary abscess manifest by fevers and a
leukocytosis. She subsequently developed an acute hepatic artery
bleed requiring re-exploration. Jackson–Pratt drains were placed
in the biloma and three small leaks on the cut surface were over-
sewn with silk. The patient continued to have bilious drainage
requiring percutaneous drainage and further evaluation. PTC
revealed exclusion of two ducts draining a small portion of
segment IV. (Fig. 4)
Percutaneous biliary drainage
PBD was performed under general anaesthesia to determine the
relationship between the aberrant duct and the hepaticojejunos-
tomy. In each case, the biloma or targeted duct was accessed with
a 21-gauge micropuncture needle under sonographic or fluoro-
scopic guidance. A combination of contrast injection and probing
with directional catheters and guidewires was used to confirm the
lack of communication with the primary biliary tree drained
through the hepaticojejunostomy. The excluded biliary system
was then drained using a 10 French Dawson Mueller external
drain (patients 1, 2 and 4) or an 8.5 French Amplatz U-tube drain
(patient 3). The U-tube was placed using the tract which had
formed around a biloma drain to access the excluded duct in a
retrograde fashion. A snare catheter in the excluded duct served as
a fluoroscopic target for access. A second excluded duct identified
in patient 4 was deemed inaccessible.
Results
Diagnosis and stabilization of the excluded segmental
bile duct
All patients experienced complications from their excluded bile
ducts (persistent bile leaks and recurrent cholangitis) which failed
to resolve with external drainage. Drain interrogation via contrast
injection under fluoroscopic guidance revealed communication
between the biloma and a bile duct draining at the cut edge of the
liver allograft in three patients. Percutaneous contrast injection
into the dilated bile duct of patient 1 revealed complete obstruc-
tion, probably as a result of ligation at the cut surface during
procurement.
Post-procedural CT cholangiography through the existing
drainage catheter was performed to further define anatomic rela-
tionships of the excluded duct. The excluded ducts drained sig-
nificant portions of the left lateral section allografts, but only a
small fraction of posterior segment IV in the left lobe allograft.
Intrahepatic biliary dilatation successfully resolved with external
drainage. Patient 1 remained hyperbilirubinemic, suffered from
recurrent cholangitis and sepsis, and required a drain change for
an occluded catheter. Biliary drainage persisted in all patients,
mandating the need for interval surgical revision. Surgical inter-
vention was delayed in the left lobe recipient (patient 4) to deter-
mine if the small area of segment IV would atrophy; however, this
conservative approach failed.
Figure 2 Contrast injection through a drainage catheter demon-
strates passage of contrast from biloma (yellow arrow) into an
excluded bile duct (blue arrow) in patient 2. An external biliary drain
has been placed in the excluded duct. Of note, the hepaticojejun-
ostomy stent is visualized (red arrow), but the excluded duct does
not communicate with the anastomosis
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Surgical revision
Each patient underwent surgical revision of his or her hepaticoje-
junostomy 3–5 months post-transplant. All patients required
extensive adhesiolysis. The indwelling biliary drain assisted with
identification of the excluded bile duct on the cut surface of the
allograft. Intra-operatively, guide wires were placed before cath-
eter removal to prevent loss of the catheter tract. The catheter or
guide wire assisted in the identification of the excluded duct and
allowed minimal hilar dissection. Liver parenchyma surrounding
the distal bile duct (identified by presence of the guide wire) was
resected until the excluded bile duct was clearly identified and
could be excised back to healthy mucosa. The existing Roux limb
was mobilized carefully to preserve the existing biliary-enteric
anastomosis. A new hepaticojejunostomy was created to incorpo-
rate the previously excluded bile duct into the Roux limb using
5–0 or 6–0 polydioxanone suture (PDS) over the wire. Before
completion of the anterior wall of the biliary-enteric anastomosis,
an 8–10 French pigtail catheter was inserted over the guide wire
until it traversed the anastomosis. The wire was subsequently
removed and the drainage catheter was secured to ensure that the
distal portion lay in the jejunal limb. The hepaticojejunostomy
was subsequently completed.
Outcomes
Two patients developed anastomotic strictures at the hepaticoje-
junostomy site. The strictures were successfully treated with
balloon dilatation and stenting. However, one of these patients
(patient 1) had continued cholestasis and acute cellular rejection
onmultiple biopsies. This patient ultimately required retransplan-
tation for chronic ductopenic rejection. The other two technical
variant allograft recipients recovered without complication. The
living donor for patient 2 was successfully managed with percu-
taneous biloma drainage and did not require further surgical
intervention.
Discussion
Technical variant liver allografts represent an important supply of
organs for paediatric patients with end-stage liver disease.
However, their use is associated with higher rates of biliary com-
plications than whole deceased donor allografts, including the risk
of bile duct exclusion. Excluded, or isolated, bile ducts are ducts
with aberrant or inadequate drainage as a result of discontinuity
with the primary biliary drainage tree. This discontinuity may
result from anatomical variation, iatrogenic ligation or division.
Figure 3 Injection of the biloma catheter demonstrates an excluded bile duct (yellow arrow) in patient 3 which does not communicate with
other ducts or the small bowel (a). Subsequent placement of a biliary U-tube provides external drainage (b, c) and assists with the creation
of an hepaticojejunostomy between the excluded duct and an existing Roux-en-Y limb (d); a guide wire (white arrow) is inserted into the
U-tube (blue arrow denotes duct orifice)
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This complication is infrequently encountered and has been
reported in the hepatic resection and living donor liver transplan-
tation literature.7–15 Nagano et al.7 classified excluded segmental
bile duct leaks as Type D biliary fistulae. In one series of living
donors, the incidence of aberrant segmental biliary drainage was
reported to be as high as 40%;10 however, most reports describe a
much lower rate.
Clinical presentation of an excluded bile duct after liver trans-
plant can be highly variable and may include fevers, leukocytosis,
hyperbilirubinemia, biloma, cholangitis, intra-abdominal sepsis
or graft failure. In this small case series, patients with excluded bile
ducts most commonly presented with persistent bile leaks in spite
of adequate percutaneous drainage. These patients frequently
require aggressive resuscitation and stabilization with antibiotic
therapy, rehydration and supportive care.
Diagnostic imaging should be performed for any patient pre-
senting with these symptoms given the severe consequences of a
missed diagnosis: sepsis, partial graft infarction or graft failure.16
Ultrasonography is a reasonable first choice modality. Findings
which raise suspicion of an excluded duct include the presence of
a biloma or segmental intrahepatic biliary dilatation. Vascular
in-flow is normal in most cases. Bile leaks which do not resolve
after percutaneous drainage and all patients with segmental
biliary dilatation require further evaluation with PTC or drainage
catheter injection. PTC is a valuable diagnostic tool with success-
ful interventions in >94% of cases and a low complication rate.17,18
Endoscopic retrograde cholangiopancreatography (ERCP), while
a useful procedure in adult patients,11 is more challenging and
usually less suitable for paediatric recipients because of the exist-
ing hepaticojejunostomy. Additionally, retrograde contrast injec-
tion through the hepaticojejunostomy will not opacify ducts
which are excluded from the main drainage tree.
Cholangiography is diagnostic of an excluded segmental bile
duct if contrast injection demonstrates communication between a
ductal branch and a biloma but no communication with the main
biliary tree or if no contrast passes through the hepaticojejunos-
tomy into small bowel and duct probing fails to identify a stric-
ture. External biliary drains (standard or U-tube configuration)
are placed for temporary management of the excluded bile duct
leak. In our series, all patients experienced successful decompres-
sion of their aberrant ducts with only one identified complication
of cholangitis secondary to an occluded drain. However, if these
non-communicating fistulae do not spontaneously close defini-
tive management with surgical revision is required. Subsequent
CT cholangiography through the external drain provides detailed
information about the aberrant biliary anatomy and may serve as
a useful adjunct in operative planning.
Surgical re-exploration for definitive drainage of excluded ducts
is especially challenging because of dense adhesions, close proxim-
ity of the donor liver hepatic vasculature and/or vascular grafts and
difficulty locating the duct. Honore et al.11 used intra-operative
ultrasound to identify the excluded duct and its relationship with
vascular structures. Other means of localization (e.g. methylene
blue) are not consistently effective.We used the indwelling biliary
drainage catheter as a guide to locate the excluded duct orifice on
the cut surface of the allograft. This minimized the amount of
adhesiolysis required and allowed minimal hilar dissection of the
allograft.Although it cannot be determined from the present study,
this may be an effective strategy to decrease operative time and
blood loss. In our experience, use of biliary drainage catheters in
this capacity is an effective approach.
Other methods for management of isolated draining intrahe-
patic bile ducts have been described previously. Percutaneous
ethanol and acetic acid sclerotherapy has been used for isolated
ducts in adult hepatectomy and adult donor-paediatric recipient
LDLT.8,9,12–16 Limitations to this approach include loss of func-
tional liver tissue, prolonged treatment course (frequently more
than 4–6 ablations) requiring multiple sessions of anaesthesia and
radiation exposure.8,9,12,14 In a left lateral section allograft, there
may not be enough residual functional liver and graft failure is a
significant risk. Portal vein embolization has also been described
although its efficacy is not clear.19 These options are not feasible in
paediatric OLT recipients of small technical variant allografts.
Prevention of this difficult and potentially lethal complication
should be a primary objective. Cholangiography is possible in a
living donor either pre-operatively with magnetic resonance cho-
langiography (MRC) or endoscopic retrograde cholangiography
(ERC) or intra-operatively during the donor partial hepatectomy
(performed in conjunction with cholecystectomy). Multiple ret-
rospective analyses demonstrate that MRC is as sensitive as intra-
operative cholangiography in detecting variations in biliary
anatomy, with sensitivity approaching 90%.20–23 Identification of
Figure 4 Contrast injection through a biloma drainage catheter fills
two bile ducts in patient 4, but fails to opacify the primary drainage
tree or small bowel
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aberrant biliary drainage to segment 2 or 3 may be possible and
can help guide the line of parenchymal dissection. However, MRC
might not be available at all facilities for deceased donor procure-
ments, nor is it practical in a hemodynamically unstable donor.
Therefore, it has been advocated that intra-operative or backtable
cholangiography be performed for technical variant grafts from
deceased donors. Disadvantages of back-table cholangiography
may include prolongation of ischaemia and technical feasibility.
Given the potentially devastating consequences of an excluded
bile duct, attempted identification of aberrant anatomy or
transected ducts before transplantation is recommended.
Conclusion
Technical variant allografts have an increased incidence of biliary
complications. Although unusual, persistent biliary drainage or
hyperbilirubinemia should raise suspicion for an excluded bile
duct. Aggressive diagnosis, percutaneous decompression and
interval revision hepaticojejunostomy are the main tenets of man-
agement. Careful revision hepaticojejunostomy over a percutane-
ous biliary stent can result in restoration of biliary continuity and
allograft survival. However, prevention of this complication
should be the primary objective.
Conflicts of interest
The authors of this manuscript have no conflicts of interest to disclose.
References
1. U.S. Scientific Registry of Transplant Recipients. (2008) 2008 Annual
Report of the U.S. Organ Procurement and Transplantation Network and
the Scientific Registry of Transplant Recipients: Transplant Data 1998–
2007. Rockville, MD: U.S. Department of Health and Human Services,
Health Resources and Services Administration, Healthcare Systems
Bureau, Division of Transplantation.
2. Diamond IR, Fecteau A, Millis JM, Losanoff JE, Ng V, Anand R et al.
(2007) Impact of graft type on outcome in pediatric liver transplantation:
a report From Studies of Pediatric Liver Transplantation (SPLIT). Ann Surg
246:301–310.
3. Burgos L, Hernandez F, Barrena S, Andres AM, Encinas JL, Leal N et al.
(2008) Variant techniques for liver transplantation in pediatric programs.
Eur J Pediatr Surg 18:372–374.
4. Fernandes R, Pacheco-Moreira LF, Enne M, Steinbruck K, Alves JA, Filho
GD et al. (2010) Surgical complications in 100 donor hepatectomies for
living donor liver transplantation in a single Brazilian center. Transplant
Proc 42:421–423.
5. Anderson CD, Turmelle YP, Darcy M, Shepherd RW, Weymann A, Nadler
M et al. (2010) Biliary strictures in pediatric liver transplant recipients –
early diagnosis and treatment results in excellent graft outcomes. Pediatr
Transplant 14:358–363.
6. Salvalaggio PR, Whitington PF, Alonso EM, Superina RA. (2005) Pres-
ence of multiple bile ducts in the liver graft increases the incidence of
biliary complications in pediatric liver transplantation. Liver Transpl
11:161–166.
7. Nagano Y, Togo S, Tanaka K, Masui H, Endo I, Sekido H et al. (2003) Risk
factors and management of bile leakage after hepatic resection. World J
Surg 27:695–698.
8. Matsumoto T, Iwaki K, Hagino Y, Kawano K, Kitano S, Tomonari K
et al. (2002) Ethanol injection therapy of an isolated bile duct
associated with a biliary-cutaneous fistula. J Gastroenterol Hepatol
17:807–810.
9. Park JH, Oh JH, Yoon Y, Hong SH, Park SJ. (2005) Acetic acid sclero-
therapy for treatment of a biliary leak from an isolated bile duct after
hepatic surgery. J Vasc Interv Radiol 16:885–888.
10. Huang TL, Cheng YF, Chen CL, Chen TY, Lee TY. (1996) Variants of the
bile ducts: clinical application in the potential donor of living-related
hepatic transplantation. Transplant Proc 28:1669–1670.
11. Honore C, Vibert E, Hoti E, Azoulay D, Adam R, Castaing D. (2009)
Management of excluded segmental bile duct leakage following liver
resection. HPB (Oxford) 11:364–369.
12. Kyokane T, Nagino M, Sano T, Nimura Y. (2002) Ethanol ablation for
segmental bile duct leakage after hepatobiliary resection. Surgery
131:111–113.
13. Kusano T, Kida H, Nishiwaki Y, Ikematsu Y, Goto K, Kuroda H et al.
(2003) Percutaneous sclerotherapy for intractable external biliary fistula
after hepatectomy. Int Surg 88:72–75.
14. Shimizu T, Yoshida H, Mamada Y, Taniai N, Matsumoto S, Mizuguchi Y
et al. (2006) Postoperative bile leakage managed successfully by intra-
hepatic biliary ablation with ethanol. World J Gastroenterol 12:3450–
3452.
15. Miraglia R, Maruzzelli L, Caruso S, Marrone G, Carollo V, Spada M et al.
(2009) Interventional radiology procedures in pediatric patients with
complications after liver transplantation. Radiographics 29:567–
584.
16. Liu D, Gomes AS, McDiarmid SV. (2008) Successful treatment of isolated
draining intrahepatic biliary ducts in a pediatric liver transplant recipient
using alcohol sclerotherapy. J Vasc Interv Radiol 19:121–123.
17. Lorenz JM, Funaki B, Leef JA, Rosenblum JD, Van Ha T. (2001)
Percutaneous transhepatic cholangiography and biliary drainage in pedi-
atric liver transplant patients. AJR Am J Roentgenol 176:761–765.
18. Sunku B, Salvalaggio PR, Donaldson JS, Rigsby CK, Neighbors K, Supe-
rina RA et al. (2006) Outcomes and risk factors for failure of radiologic
treatment of biliary strictures in pediatric liver transplantation recipients.
Liver Transpl 12:821–826.
19. Yamakado K, Nakatsuka A, Iwata M, Kondo A, Isaji S, Uemoto S et al.
(2002) Refractory biliary leak from intrahepatic biliary-enteric anastomo-
sis treated by selective portal vein embolization. J Vasc Interv Radiol
13:1279–1281.
20. Kashyap R, Bozorgzadeh A, Abt P, Tsoulfas G, Maloo M, Sharma R et al.
(2008) Stratifying risk of biliary complications in adult living donor liver
transplantation by magnetic resonance cholangiography. Transplantation
85:1569–1572.
21. Hsu HW, Tsang LL, Yap A, Huang TL, Chen TY, Lin TS et al. (2011)
Magnetic resonance cholangiography in living donor liver transplantation.
Transplantation 92:94–99.
22. Artioli D, Tagliabue M, Aseni P, Sironi S, Vanzulli A. (2010) Detection of
biliary and vascular anatomy in living liver donors: value of gadobenate
dimeglumine enhanced MR and MDCT angiography. Eur J Radiol
76:e1–e5.
23. Basaran C, Agildere AM, Donmez FY, Sevmis S, Budakoglu I, Karakayali
H et al. (2008) MR cholangiopancreatography with T2-weighted prospec-
tive acquisition correction turbo spin-echo sequence of the biliary
anatomy of potential living liver transplant donors. AJR Am J Roentgenol
190:1527–1533.
898 HPB
HPB 2011, 13, 893–898 © 2011 International Hepato-Pancreato-Biliary Association
